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LASL PRCTCIN STOkkGt PING EXTM:TIOA SYSTEW

Daniel H. Hudglngs and Andrew J. Jassn

Los Al~mos National Laboratory, Los Alamus, NH 87545

S!m9!
The unprecedented peak and average ?-oton currents

m,d extraction rates from the Proton Storage Ring (PSR)
under construction at Lhe Los Alamcs National Labora-
tory present new problems in beam extraction. Activa-
tion caused by beam spill must be minimal to permit
hands-on IIIdtntendnce. Timing requirements are uncom-
monly stringent. SolJtions to th:.~c problems are
outlines below.

Introduction

The Proton Storage Ring’ will be part of the up-
graded Heapons Neutron Research (HNR) spallation neu-
tron source. The EIOO-W negative hydrogen ion bedm
from the LAWF linac will be accumulated by d novel
charge-chdnging injection technique~ dnd extracted
for delivery to the neutron production target. The
purpose of the PSR is to change the tempcral ~truc-
ture of the LAWF bedm to structures more suilable for
tfm+of-f;ight neutron measure~nts while still main-
taining high peak and high average neutron flunes.

Two operating modes are provided. A short-bunch
high-frequency (SBtiF) mode (for basic nuclear physics
research with fast neutrons) accumulates and stores sik
l-ns bunches of 10” protons. The bunches circulate
at -60-ns intervals. Accumulation occurs for lLM us
ev?ry 8.3 ms with individual bunches extracted at
1.4-ms intervals. This mode presents theinost strin-
gent timing requirements of the extraction systm.

A long-bunch irk-frequency (LBLFJ mode (for con-
densed matter research with ther,tial and epithermal neu-
trons) dCCUMUldt@S a singlc27U-ns bunch of 5.2 x 10”
protcms in 750 us every 83 ms. The circulating proton
b~am is ●xtracted promptly after accumulation. Beam
spill allouanccs for the PSR are set. by the LBLF mode’s
high currents: 46-A peak circulating current, 105-MA
average circulating current, 1OO-1A average extraction

line current. At the space-chargp limit for 46 A cir-
culatln current, the beam emlttancr is
Ex ■ o. Y Cmgmrdd dnd Cy ■ 2.0 cm~mrdd.

Figure 1 shows the circulating current bs+am profile
In th~middle of a Strdight section. rhe beam core Is
determined hy thr PSR latticp paramrtrrs and mmnentum
splead (6p/p ■ 4 x 10-’). The bear,l halo, which larqrly
dett=rmines beam spill in the PM and retraction line,
is maln~y duc to the lnj~cted brnm rmittanc? and hram
*cattPring in the injection stripping fn[l.

~xtrartinn Ktrker. . . . . .. .. ----—

In thp SYtl~ modr the Landau da~~ing timp for cohrr-
@nt transverse motinn of thp bun{h is of the ordrr nf
microseconds. llws If th~ ent;artlon of one bunch per-
turhS lhF rkmiifninq Cfrculattng buncl}~$, that coherent
Perturbation will rapidly bpcomr tin Incoherent growth
~n bemn rmfttdnr.e. A IOX afterpulsr rlngout in the
kicker for a single pats of thr beam would douh!r thv
b~am ●mittanrc, The ●xtraction tim!ng budget shown in
Fig. 2 spccifie~ a ?S ●ft*rpvls~ ringoLt.

——.—-- ._
●Hork pprrorm~d UaPf thr ausplc~s of US Department of
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Fig. 1. Beam profile including ●ffect of full-mor&ntu-

bitr (q.I/p = 0,004), in midc!lc c! straiq)i!
section, LBLF modp. For any monoenerqctic
component of beirn Cx = 0.7 crr”mrdd,
Cy = 2.0 rm~mrad, rIx = 1.9? m.

Fig, 2.

TM (m)

PUISP fnr kickers. Amplltudc 15 *5O kv
&cross Ml U. Risetinw PIUS jltt~r is lrss
than ?9 ns; flattnp less twice jitt~r inter-
val Is greater than 31 ns; falltimr, jitlrr,
plus ringuut tu2X Ievrl is less than 29 ns.

Parallel-plate transmission-ltnr clcrtrodrs will br
used tu grnrratr a backwfird-wavr TEM pulse tn deflect
the circulating be,’m in the PSkl past thp ●xtraction
s~ptwm into the contraction IIne. This unconvrntlonal
choler of kickw “mayn-tm is dictatedby thr strinqs’nt
timfng and afterpulsr rlnqout requirmnents for WI”
operation.

Figurr 3 shows the paralle~-plat? transmissfrm-llnr
The @lectric fipld gnqllitudp al the beam is

~%~~~ where d ,s thr plprtrodr spparat ton snd
V,, Is !hr pulse woltagr. ror a TLM fi~ld B ■ Er ●wf



the ptilse is F ■ q(r + 6cE) ■ q2cB[l16 + 1). For c~-
putat ional purposes an effective kicker magnetic field
B f Is “~ed: Beff E (2Vo/cd)(l/B+ 1). Valties of
581 to 100 G can be achieved for the PSi parameters
(Vo = 5~kv, 6 “0.84, d= U.075mto0.14 m).

The pulse power supplies for providing the t50-kV
pulses to the kickers are somewhat unconventional
(transformer-coupled, pulse-charged power supplies,
ferrite-isolatea douLle-Blumlein pulse-forming
networ!.s) and have been described in detail
●lsewhere.’

Fig. 3. Kicker electrode geometry. Pulses propagatr
opposite to beam bunches; syrmnetric push-pull
excitation results in virtual ground at mid-
plane. Hatched terminations mlnimizc
reflections.

Figure 4 shows the placemnt of the kickers in the
PSR, The4-mklcker length IS set by the timing
budget. The kicker ap.rture is set by the requirement
that the center of the beam be at least 3.75 cm frm
the electrode surface, A conventional current-sheet
septum magnet is used. Because of the need to replace
the septum with minimum difficulty, none of the
current carrying elements are in vacuum.

Extraction-Line Configuration and Constraints

After pdssage to-uugh the septum magnet, the beam
is directed onto the HNR spallation tyrgrt through a
transport line whose configuration is determined by
LAWF line D, an existing low-current transport
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Fig. 4. Beam envelopes. Nnt~ plwewnt md apertures
of kickers ●nd septmn. B~cause kicker
‘magnets’ conlain no ferrite, they c,:n P8SS
through quadruplet to include maalma of BE.
Onepwiod of P5R lattlcr Is 9.022 m long.

system. The reldtion cf the PSP to line D ar,~ the HNR
target IS shoun in Fig. 5. The existing archit~ctural
and optical structure of llne D imposes cdrs!r?ints on
the line deSign. In particular the poir,t of ir,tersec-
tlonof the line labeled A in Fig. 5 with line O
(sections B-F) Is fixea by structural considerations
involving the existing line D iunn~l. A sken magnet
system Ml (15” bend) and M3 (19S bend) is used to ori-
●nt the beam along section B. From section B the beam
path is steered 30° horizontally hy magnet W throc@
section C and thence through three 30° magnets (!45, 6,
and 7) for a vertical approach to the target. T.

Beam spill throughout the transport line is limited
by requiring a minimum acceptarice of 5 cm~mrad ithat
is, apertures no less than three ti,mes the beam core).
The probler of matching the beam to the 7.5-cm aperture
of ●xisting magnets M4-M7, as wel! as the dispersion
induced by these m?gnets, dcnninates the constraints on
beam optics. Additionally, the beam is to be focused
within a 2-cbdiam area M the target. The line is
required to carry beams cortsining varied charge
densities, h“h peak currents of 46 A in the LBLF mode
but must ke : “,ed with low peak currents. Hence space-
charge effec: have a first-oflder intl:lence on line
optics.

Beam Optics

In addition to havinp II substantial momentum
spread, the exiracted beam is described by an initial
dispersion in the x (horizontal) direction of magnitude
comparable to the vectors bounding the undispersed seam
envelope. Specifically, the initial dispersion ve~.tcr
is [0.85 cm, 2.73 mrad] at tti? extraction point it’ the
LBLF mode, for the conditions o: Fig. 1. Figure 6
shows an acceptable solution for tit? ●xtraction-line
optics. The first set of four quadruples after the
lower skew magnet Ml match the extracted S?cm to a
periodic 90” FODCI configuration; four quadruples arc
requir?d to accmmmdate a range of ring tunes mid are
arranged at optimum separations for this purpose.

The solutinn In sections B and C is dominated Ly
the requlrerrrcnt trf matching to the 90” vertic,?l bend
and target. A first-order solution cancels horizontal
dispersion at M and sets the conditions for a narrow
waist through M4 as well as n waist in the 90” bend.
A small y dispersion (local vertical) arises from the
skew configuration and bec~s large in the 90° bend.
Solutions that match to the ta?fjct anc! cancel the y
dispersion In the brnd magnets or at the target lead
to unac”eptahly large beam cnvelJpes; an optimum
solution, Incorporating a partial contribution of r5is-
persion to the targ~t spot, has been obtained ~ith
acceptable beam sizes at all points.

Addition of space charge to the beam drastically
chtnges the nature of the solutions. Final optimiza-
tion makec the targrt spot size a monotonically in-
creasing tunction of beam currdnt @nd ●pittance.
Acceptable spot arid ●nwlopr sizrs ?re achieved for
currents from (l to smre than 70 A. A tuning algnrfthm
for thr lfn~ has been partially devispd to exploii thr
SMSitiViti@S of bedMI sizes to lens strengths as vir?wrd
on beam protile monitors Iocat@d at critical points in
the line.

Other option$ to the linr configurations wtvr con-
sidered. In particular, a phase-spat@ rotator would
prove useful 1!, m~nl~ulating dispersion. Such a d~vic~
(that is, a solenoid orquadrupole rotator) has proven
i~ractical for our ●pplication in terms of devic@ size
or beam sp-rating during the rotation proc~ss.
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Fig. 5. PsR extraction line configuration. The transport line coexisting lineD is labeled “A”” ‘earn fro= ‘iii
follows path ABCD to target 1. Line section E bypasses the ring; section F leads to an alternate
target. Magnet W switches beam to a tuneup beam dump.
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rig. 6. An ●xtraction line solution for 4b-A beam current including dispersion.
Beam envelopes m? shown ?cr

the geodesic horizontal (E) d~rection and local vertical (y) direction versus distancr alonq the beam
trajectory. Horizontal-focusing quadrlipole sfnglets are shown as boxes beneath the line In the lower
phrt of the ftgure; verticsl-focusing quads are shown nbove the line.
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